Lebeckia Thunb. section Lebeckia includes 14 species, all with phyllodinous, acicular leaves, that are endemic to the Cape Floristic Region. As part of a taxonomic study of the genus Lebeckia, the L. plukenetiana group of section Lebeckia has been revised. The species of this group have stipitate, flat fruit and a prostrate habit. A study of vegetative and reproductive morphology showed that six species can be recognised, two of which are here described as new: 1. L. brevipes M.M. le Roux and B.-E. Van Wyk sp. nov. (previously misidentified as L. longipes Bolus and L. pauciflora Eckl. and Zeyh.) which is easily recognised by the short stipe, elliptic, flat fruit, wing petals that are as long as the keel petal and an orbicular standard petal; 2. L. zeyheri M.M. le Roux and B.-E. Van Wyk sp. nov. (previously known as L. plukenetiana E. Mey. var. brachycarpa Harv.) which has subsessile, short fruit, wing petals that are as long as the keel petal and an orbicular standard petal. The correct nomenclature and typification of the species are presented, together with descriptions, diagnostic characters and distribution maps.
Introduction
As part of an ongoing study of the genus Lebeckia Thunb., this study focused on the section Lebeckia (the species with acicular leaves) and more particularly on the L. plukenetiana group. The most recent treatment is that of Harvey (1862) and a revision has become an urgent priority (Van Wyk, 1991) . Species of the section Lebeckia are superficially very similar, so that many herbarium specimens are incorrectly identified.
The section Lebeckia now includes 14 species with terete, needle-shaped leaves that are endemic to the Cape Floristic Region (Le Roux and Van Wyk, 2007; Le Roux and Van Wyk, in prep.) . Only one species, L. ambigua E.Mey., extends somewhat beyond the boundaries of the Fynbos Biome, since it also occur along the Namaqualand coast. Plants are usually found in disturbed places (e.g. roadsides and recently burnt veld) in Fynbos and Renosterveld as defined by Rebelo (1996) and Mucina and Rutherford (2006) .
As a first step towards a complete taxonomic revision of the genus, Le Roux and Van Wyk (2007) revised the L. sepiaria group of L. section Lebeckia. A revision of the L. plukenetiana group is presented here. This group now includes six species, two of which are here described as new.
Materials and methods
Morphological characters were studied using herbarium specimens from BOL, JRAU, NBG, P, PRE, S and SAM as well as high resolution digital images of all the Lebeckia specimens in BM and K and in situ observations. Field trips were undertaken to study the plants in their natural habitats. Diagnostic characters (habit, presence or absence of the leaf articulation, flower and fruit characters) were studied and drawn using a WILD M3Z stereomicroscope with a camera lucida attachment.
For the comparative studies, each species was divided into several operational taxonomic units according to provenance Available online at www.sciencedirect.com 
Results and discussion

Morphology
Species in the L. plukenetiana group are typical of the section Lebeckia in having needle-shaped, glabrous leaves without stipules. They are all decumbent or trailing in habit (often erect and virgate in other groups) and can reach heights of up to 0.5 m, but are generally smaller. Fig. 1 illustrates the growth forms found in the L. plukenetiana group.
The phyllodinous leaves are rather variable in size and shape and differs only in the presence of an articulation or "joint" near the middle (see discussion later). The articulation is invariably present in L. contaminata and L. meyeriana but absent in L. brevipes, L. longipes, L. plukenetiana and L. zeyheri. The length and density of the leaves were found to be very variable and of limited diagnostic value (Le Roux, 2006) .
A distinctive feature of many of the species of section Lebeckia is their densely flowered, terminal racemes with large numbers of flowers (up to 95 per raceme in the L. sepiaria group -see Le Roux and Van Wyk, 2007) . The L. plukenetiana group usually has less than 35 flowers per raceme. The length of the inflorescence and the flower density (number of flowers per 10 mm length of raceme) were measured or counted and are included in the species descriptions but they showed no clear discontinuities. As shown diagrammatically in Fig. 2 , the number of racemes formed, the number of flowers per raceme and the size of the flowers do have some diagnostic value. Secondary racemes are invariably present in all of the species (but the lateral branches may remain vegetative in L. plukenetiana). The length of inflorescences is variable in section Lebeckia and is usually not of diagnostic value, but some subtle differences were observed: the Bredasdorp form (OTU 4) of L. contaminata, the Cape Point form (OTU 3) of L. meyeriana and the Darling form (OTU 1) of L. plukenetiana usually have shorter inflorescences than the typical forms of these species. In contrast, the Waaihoek Peak form (OTU 2) of L. longipes has longer inflorescences than the typical form. Measurements are included in the species descriptions. The size of the flowers has some diagnostic value (Fig. 2) . L. contaminata, L. brevipes, L. plukenetiana and L. zeyheri have small flowers (up to 8 mm long) while L. longipes and L. meyeriana (in particular the Kommetjie form -OTU2) have larger flowers (up to 15 mm long).
Bracts and bracteoles are invariably simple, sessile and caducous (lost at anthesis) but may persist on the young fruits in L. plukenetiana. They are usually lanceolate and acute, but narrowly lanceolate and acuminate in L. plukenetiana. The bracts are usually small (1-3 mm long) but relatively long (up to 6 mm) in L. plukenetiana. The paired bracteoles near the middle of the pedicel are usually triangular, acute and 0.5-2.0 mm long. Bracts and bracteoles are of limited diagnostic value in the herbarium but nevertheless are helpful in the identification of L. plukenetiana.
Except for some variation in length, the calyces of the species in section Lebeckia are quite uniform -all subequally lobed (the "lebeckioid calyx" of Polhill, 1976) , with the upper sinus markedly wider than the lateral and lower sinuses (Van Wyk and Schutte, 1989) .
As seen in Fig. 3 , the calyx lengths vary between 1.5 mm and 5.5 mm, corresponding to flower size. The lobes are usually shorter than or as long as the tube. The inner tips of the calyx lobes are minutely pubescent in all the species of Lebeckia (and Rafnia -see Campbell and Van Wyk, 2001 ) and therefore of no diagnostic value.
The standard petals of the species in the L. plukenetiana group have some diagnostic value in terms of size and shape. The shape of the standard petal is usually ovate to orbicular with an obtuse apex and the length varies from 4 mm to 16 mm. The standard petal is invariably orbicular in L. brevipes and L. zeyheri. L. plukenetiana has an ovate to orbicular standard petal. The claws of the petals in the group are short. The shape of the wing petals (oblong with obtuse apices) and their sculpturing (lunate) are similar in all the species. An important taxonomic character in the L. plukenetiana group is relative length of the wing petals: ± as long as the keel petal or slightly longer in L. brevipes and L. zeyheri, distinctly longer than the keel petal in L. contaminata and L. plukenetiana and invariably shorter than the keel petal in L. longipes and L. meyeriana. Keel petals are usually rostrate (but more so in L. longipes), 5-16 (or rarely 19) mm long, with a distinct pocket in all except L. longipes.
Unlike the stamens which are monodelphous with alternately basifixed and versatile anthers in all species (5+ 5 arrangement), the ovary has some diagnostic value in the group. The ovary usually has seven to 20 ovules but fewer (four to eight) in L. brevipes and very variable (four to 19) in L. longipes. The gynoecium is markedly stipitate in L. longipes (stipe 4-8 mm long) but subsessile in L. brevipes, L. contaminata, L. meyeriana and L. plukenetiana and ±sessile in L. zeyheri.
The L. plukenetiana group differs from the other groups in their flat fruits ( Fig. 4 ) with downcurved apices that are mostly stipitate (the very small and ±sessile fruit of L. zeyheri is the only exception). The stipes are long (5-18 mm) in L. contaminata and very long (12-55 mm) in L. longipes. L. brevipes, L. meyeriana and L. plukenetiana have short-stipitate fruit (2-4 mm long). The shapes of the fruits are elliptic in L. brevipes and L. longipes, usually broadly oblong and straight in L. meyeriana and oblong or broadly falcate in L. plukenetiana. The upper (seed-bearing) suture of the fruit is expanded into a narrow wing in L. meyeriana. In L. plukenetiana, the upper suture has a narrower margin in all except the Worcester form (OTU 2) which has fruit similar to that of L. meyeriana.
The shape and size of the seeds ( Fig. 5 ) are of some diagnostic value -they are narrowly to broadly oblong-reniform and 1.8-5.0 × 1.2-3.8 mm. L. contaminata has pink to pale brown seeds while the other species have somewhat darker brown seeds. The seed surface is rugose in all the species and markedly so in L. longipes. No seeds of L. brevipes or L. zeyheri were available for study.
Discussion
A distinct and diagnostically important feature of all the species of Lebeckia sensu stricto (= Lebeckia sect. Lebeckia) is the acicular, phyllodinous leaves, often with an articulation or "joint" near the middle (Le Roux and Van Wyk, 2007) . Although acicular leaves are also found in the genus Aspalathus L., these "articulated needles" are unique to Lebeckia. A phyllodinous origin for the acicular leaves of Lebeckia and Aspalathus was proposed by Dahlgren (1970) . Detailed anatomical and morphological studies (Le Roux, 2006) showed that the terminal part of articulated leaves are identical in structure and anatomy to the basal part. Unifoliolate leaves occur sporadically in several species of different genera of the tribe Crotalarieae but then the terminal part of the leaf is invariably laminate and distinct from the petiolar part. Furthermore, in these species it is often easy to follow the progression from trifoliate to unifoliate leaves in seedlings. In contrast, even the first true leaves in seedlings of the species of L. sect. Lebeckia are already terete and acicular.
Species of the L. plukenetiana group share numerous similarities and have hitherto often been confused with one another. However, this study has revealed a unique combination of easily observed characters for each of the species as shown in the key. As a result, species delimitations will be improved and clarified in the revision that follows. Decumbent, diffuse, glabrous suffrutex, up to 0.5 m in height. Leaves phyllodinous, acicular, unarticulated; leaf density 2 to 4 per 10 mm length of stem; stipules absent. Inflorescences terminal, 140-175 mm long; rachis smooth; flowers relatively few (up to 12 flowers per inflorescence), sparse (1 to 2 per 10 mm length of rachis), relatively small (6-8 mm long); pedicel 2-5 mm long. Bract lanceolate, acute, ± 2.3 mm long. Bracteoles triangular, acuminate, ±1.0 mm long. Calyx 4.0-5.5 mm long, tube 1.5-3.0 mm long, lobes 1.5-2.5 mm long; subequally lobed but the upper lateral sinuses much wider than the medial sinus and the lower lateral sinuses; lobes deltoid, tips minutely pubescent inside. Standard orbicular, ±6.5 × ±6.8 mm; apex obtuse; claw 1-2 mm long. Wings oblong, ± as long as the keel, 6-7× ±3 mm, with 5 rows of sculpturing; apex obtuse; claws ±2 mm long. Keel rostrate, not twisted, 5.5-6.5× 3.0-3.5 mm, usually with pockets; claws 2.0-2.5 mm long. Carpel subsessile to shortly stipitate; ovary 7.5-8.0× ±0.5 mm, linear; ovules few (4-8); style 2-3 mm long, curved upwards. Pods narrowly elliptic, straight, not narrowly winged on the upper suture, up to 45× ±3 mm; stipe 2-4 mm long; dehiscent; flat; fruit wall thin, membranous. Seeds not seen.
5.1.1. Diagnostic characters L. brevipes (Fig. 6) is closely similar to L. longipes but differs in the very short stipe (2-4 mm long) and in the longer wing petals which are as long as the keel petal or slightly longer. L. longipes has a long stipe (12-55 mm) and wing petals that are invariably shorter than the keel petal. Both L. brevipes and L. longipes have unarticulated leaves and may be confused with unarticulated leaf forms of the widespread L. pauciflora, but the latter has long calyx lobes (lobes invariably longer than the tube -as long as or shorter than the tube in L. brevipes and L. longipes.) The standard petal is orbicular in L. brevipes but oblong in both L. longipes and L. pauciflora. It is remarkable that this distinct new species has escaped notice for such a long time -it was first collected by Burchell in 1814 and 1815 (Gunn and Codd, 1981) . Herbarium specimens were usually misidentified as L. pauciflora.
Distribution, habitat and flowering time
L. brevipes is distributed from the Grootvadersbosch area on the Langeberg to the Ruitersbos area on the Outeniqua Mountains (Fig. 7) . This species grows at altitudes of 500-1100 m, in sandy, gravelly soil, often in recently burnt veld. Plants usually flower in summer, from the end of November until January. The only other summer-flowering species is L. longipes, which also grows at high altitudes. Decumbent, diffuse, glabrous suffrutex, up to 0.5 m in height. Leaves phyllodinous, acicular, articulated near the middle; 2 to 3 per 10 mm length of stem; stipules absent. Inflorescences terminal, 90-240 mm long rachis furrowed; flowers numerous (up to 46 flowers per inflorescence), sparse (2 to 3 per 10 mm length of rachis), relatively small (5-8 mm long); pedicel 1-3 mm long. Bract lanceolate, acute, 1-2 mm long. Bracteoles triangular, acute, ± 1 mm long. Calyx 3-5 mm long, tube 1.5-2.5 mm long, lobes 1.0-2.5 mm long; subequally lobed but the upper lateral sinuses much wider than the medial sinus and the lower lateral sinuses; up to 4.5 mm long; lobes deltoid, tips minutely pubescent inside. Standard ovate, 4-6 × 3.5-5.0 mm; apex obtuse; claw 1.5-2.5 mm long. Wings oblong, as long as or longer than the keel, 5.0-7.5 × 2-3 mm, with 4-6 rows of sculpturing if present; apex obtuse; claws 1.5-2.5 mm long. Keel rostrate, not twisted, 5-7 × 2-5 mm, usually with pockets; claws 1.5-2.5 mm long. Carpel short-stipitate; ovary 4-6 × 0.5-0.7 mm, linear; ovules relatively many (8 to 12); style 1.5-2.5 mm long, curved upwards. Pods linear, straight or slightly falcate, not narrowly winged on the upper suture, up to 65 × ± 4 mm; stipe 5-18 mm long; dehiscent; flat; fruit wall thin, membranous. Seeds oblong-reniform, 3.2 × 2.1 mm, rugose, light pink to light brown; hilum reddish brown.
Diagnostic characters
L. contaminata (Fig. 8) differs from L. longipes in having a more decumbent habit, the presence of a leaf articulation, wing petals that are as long as or longer than the keel petal and stipitate fruit (stipe 5-18 mm long). L. longipes has a diffuse habit, leaf articulations are absent, the wing petals are invariably shorter than the keel petal and the fruit is long stipitate (stipe 12-55 mm long).
Distribution, habitat and flowering time
L. contaminata has the widest distribution of the five species in the L. plukenetiana group and occurs from Algeria (in the Cedarberg) southwards to the Simonstown area and eastwards to Bredasdorp (Fig. 9) on lower mountain slopes (at altitudes between 20-600 m) on Table Mountain Sandstone (TMS) or in disturbed areas along riverbeds in sandy soil. Flowering occurs in spring, from late August until late November. Decumbent, diffuse, glabrous suffrutex, up to 0.4 m in height. Leaves phyllodinous, acicular, unarticulated; 2 to 6 per 10 mm length of stem; stipules absent. Inflorescences terminal, 90-290 mm long; rachis smooth; flowers relatively numerous (up to 18 flowers per inflorescence), sparse (up to 2 per 10 mm length of rachis), intermediate (5-13 mm long); pedicel 1-2 mm long. Bract lanceolate, acute, 1.5-2.5 mm long. Bracteoles triangular, acute, 1-2 mm long. Calyx 3-5 mm long, tube 1.0-2.5 mm long, lobes 1.0-2.5 mm long; subequally lobed but the upper lateral sinuses much wider than the medial sinus and the lower lateral sinuses; lobes deltoid, tips minutely pubescent inside. Standard ovate, 5.5-8.5 × 3-6 mm; apex obtuse; claw 1.5-3.0 mm long. Wings oblong to obovate, invariably shorter than the keel, 5.0-9.5 × 1.5-3.5 mm, with 4-5 rows of sculpturing; apex obtuse; claws ±2 mm long. Keel rostrate, not twisted, 6-12× 3.0-5.5 mm, without pockets; claws 1.0-1.5 mm long. Carpel long stipitate; ovary 2.0-6.5 mm, linear; ovules few to many (4-19); style 4-8 mm long, curved upwards. Pods elliptic, straight, not narrowly winged on the upper suture, up to 75× 3-8 mm; stipe 12-55 mm long; dehiscent; flat; fruit wall thin, membranous. Seeds oblong-reniform to oblique, 2.9 × 2.3 mm, rugose, dark brown to pink; hilum black.
Diagnostic characters
L. longipes (Fig. 10) differs from L. pauciflora in the absence of a leaf articulation, calyx teeth that are as long as the calyx tube and long, stipitate, flat fruit. In some populations of L. pauciflora, the leaves are not articulated (OTU 3). The calyx teeth are longer than the calyx tube (up to twice as long) and the fruit is short-stipitate and semi-terete in L. pauciflora. Specimens collected on Waaihoek Peak (OTU 2) has larger flowers and fruits than the typical form but the stipes are shorter. 4 mm long. Bract lanceolate, acute, 1.8-3.0 mm long. Bracteoles triangular, acuminate, 1.0-1.3 mm long. Calyx 3.5-5.5 mm long, tube 2-3 mm long, lobes 1.0-2.5 mm long; subequally lobed but the upper lateral sinuses much wider than the medial sinus and the lower lateral sinuses; lobes deltoid, tips minutely pubescent inside. Standard widely ovate to orbicular, 6.0-15.5× 5-14 mm; apex obtuse; claw 2.0-4.5 mm long. Wings oblong, invariably shorter than the keel, 6-18 × 2.5-6.0 mm, with 6-7 rows of sculpturing; apex obtuse; claws 2.0-4.4 mm long. Keel rostrate, not twisted, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .0 mm, always with pockets; claws 2.0-5.5 mm long. Carpel subsessile; ovary 5-10× 0.8-1.3 mm, linear; ovules few (7-9); style 4-9 mm long, curved upwards. Pods oblong, straight, invariably narrowly winged on the upper suture, up to 60× ±12 mm; stipe 2-4 mm long; dehiscent; flat; fruit wall thin, membranous. Seeds oblong-reniform, 3.0× 2.4 mm, rugose, light pink to brown, mottled dark brown; hilum dark brown to black.
L. meyeriana (Fig. 12) is closely related to L. plukenetiana, but differs in the presence of leaf articulations, wing petals that are shorter than the keel petal and oblong, straight fruit. In contrast, L. plukenetiana has no leaf articulations, the wing petals are always longer than the keel petal and the fruit is narrowly oblong to oblong, straight or falcate. Lebeckia macowanii (OTU 3) has exactly the same fruit and flower structure as the typical form of the species but the flowers and fruits are one and a half times larger. However, the presence of intermediates (e.g. Lewis 472, SAM) suggest that L. macowanii is merely one extreme of the range of variation in the species.
Distribution, habitat and flowering time
L. meyeriana has a localized distribution in the Cape Peninsula on lower mountain slopes (altitudes between 80-600 m). Two localities near Tulbagh (Fig. 13) have been reported by early collectors but these should perhaps be verified [Ecklon and Zeyher s.n. (S); Gueinzius 5i (S)]. This species grows on TMS and often occurs in burnt veld. The flowering time of this species is in spring, from the middle of August until the middle of October. L. sepiaria Willd., Sp. Pl. 3 (2): 947 (1802), pro parte. Type as for L. plukenetiana.
Decumbent, glabrous suffrutex, up to 0.4 m in height. Leaves phyllodinous, acicular, unarticulated; leaf density 4 to 11 per 10 mm length of stem; stipules absent. Inflorescences terminal, 40-200 mm long; rachis ± furrowed; flowers numerous (up to 36 (52) flowers per inflorescence), sparse (2 to 4 per 10 mm length of rachis), relatively small (5-8 mm long); pedicel 1-5 mm long. Bract narrowly lanceolate, acuminate, 1-4 mm long. Bracteoles narrowly triangular, acuminate, 1.0-1.7 mm long. Calyx 3-5 mm long, tube 1.5-3.0 mm long, lobes 0.5-2.0 mm long; subequally lobed but the upper lateral sinuses much wider than the medial sinus and lower lateral sinuses; lobes deltoid, tips minutely pubescent inside. Standard ovate, 6-8 × 4.5-7.0 mm; apex obtuse; claw 1.2-2.3 mm long. Wings oblong, invariably longer than the keel, 7.0-9.5 × 2.0-3.5 mm, with 6-9 rows of sculpturing; apex obtuse; claws 1.5-2.3 mm long. Keel rostrate, not twisted, 5.0-7.5 × 2.5-3.5 mm, always with pockets; claws 2.0-2.5 mm long. Carpel subsessile; ovary 3.0-5.5 × 0.6-0.9 mm, linear; ovules few to many (7 to 17); style 3.0-4.5 mm long, curved upwards. Pods narrowly oblong to oblong, straight or falcate, invariably narrowly winged on the upper suture, up to 40 × ± 12 mm; stipe 2-4 mm long; dehiscent; flat; fruit wall thin, membranous. Seeds oblong-reniform, 2.6 × 2.0 mm, rugose, light brown to reddish brown, mottled dark brown; hilum dark brown to black. 5.5.1. Diagnostic characters L. plukenetiana (Fig. 14) is closely related to L. zeyheri, but differs in the more persistent bracts that are often twice as long as the bracteoles, an ovate standard petal, wing petals that are invariably longer than the keel petal and narrowly oblong to oblong, straight or falcate, stipitate (2-4 mm long) fruit that are 15 to 40 mm long. The bracts of L. zeyheri are unknown, it has a ± orbicular standard petal, wing petals as long as the keel petal and oblong, straight, very short-stipitate (stipe ± 1 mm long) fruit that are up to ± 12 mm long. L. plukenetiana is also similar to L. meyeriana (especially the Worcester form -OTU 2, which has broad fruits) but can easily be distinguished by the non-articulated leaves.
L. plukenetiana is distributed on mountain slopes at various altitudes below 600 m, in the Western Cape, from Piquetberg inland to the Hex River, Worcester and southwards to Llandudno on the Cape Peninsula (Fig. 15) . Populations that grow at lower altitudes occur in sandy soil and populations at higher altitudes occur in well-drained TMS. The recorded flowering time of this species is from August until October. 
